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What are sorting nexins (SNXs)?
They are a family of peripheral
membrane proteins that have
been grouped together based not
upon function, but upon the
presence of an SNX-PX domain, a
subfamily of the Phox-homology
(PX) domain family. SNXs have
been identified across phyla, from
mammals through to yeasts.
When were they discovered?
In 1996, Gordon Gill isolated
mammalian sorting nexin-1 (SNX1)
from a yeast two-hybrid screen
designed to identify proteins
binding to the epidermal growth
factor receptor (EGFR). However,
it wasn’t until the discovery of the
PX domain in 2001 that the family
really began to grow. Now, 28
mammalian and 10 yeast SNXs
have been identified.
Aren’t PX domains
phosphoinositide-binding
motifs? Exactly! PX domains are
lipid-binding modules that aid the
association of their host protein
with membranes enriched in
specific phosphoinositides. In
many cases, PX domains have
been shown to bind
phosphatidylinositol
3-monophosphate (PtdIns3P), a
phosphoinositide enriched on the
cytosolic face of endosomes. This
lipid has a regulatory function in a
variety of sorting processes that
ensure the proper distribution of
cargo between the endocytic and
biosynthetic pathways (Figure 1).
What do SNXs do? It was quickly
noted that SNX1 bore close
homology to a yeast protein called
Vps5p. Identified in the late 80s in
the Emr laboratory’s vacuolar-
protein-sorting (Vps) screen,
Vps5p is a component of the yeast
retromer complex. Retromer
functions to retrieve Golgi-
resident cargo from the
endosomal system, and
subsequent work established that
other yeast SNXs also functioned
to retrieve cargo from endosomes
to the Golgi.
How does retromer regulate
endosome-to-Golgi retrieval?
Five proteins make up yeast
retromer. Vps5p, and a related
SNX, Vps17p, constitute a
membrane-bound sub-complex,
whilst Vps26p, Vps29p and Vps35p
form a cargo-selective sub-
complex. It is thought that Vps5p
and Vps17p define the correct
endosomal compartment onto
which the Vps26p–Vps29p–Vps35p
sub-complex enriches its cargo
prior to the formation of carriers
exiting endosomes.
So, is SNX1 part of a
mammalian retromer complex?
Yes. Although initial evidence
pointed to a role for SNX1 in the
endosomal sorting of EGFR for
lysosomal degradation, recent
data have established that SNX1
actually regulates endosome-to-
Golgi retrieval. SNX1 is thought to
form part of a mammalian
retromer that comprises mVps26,
mVps29 and mVps35.
Do mammalian cells have more
than one retromer complex? Well,
no other mammalian Vps26, Vps29
and Vps35 isoforms have been
identified, so the cargo-selective
sub-complex of retromer is likely
to be well conserved. However,
there are many uncharacterised
SNXs in mammalian cells, and
maybe these SNXs could function
to assemble their own retromer
complexes, or they may be part of
other endosomal sorting
complexes entirely. Additionally,
some of the identified mammalian
SNXs are able to bind cargo
directly; it seems likely that this
direct interaction will regulate
some form of sorting, although in
many cases, the exact sorting
process remains to be
established.
So, is phosphoinositide binding
important in targeting SNXs to
endosomal membranes? It
Figure 1. Endosomal sorting.
Endocytic and biosynthetic trafficking pathways. Organelles are labelled in bold type, and
trafficking processes are indicated by arrows. EGF, epidermal growth factor; EGFR, EGF
receptor; TfnR, transferrin receptor; CI-MPR, cation-independent mannose six-phosphate
receptor. (Adapted from Maxfield and McGraw (2004) Nat. Rev. Mol. Cell Biol. 5, 121-132.)
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certainly is important, but it’s not
the whole story. Endogenous
SNX1 is enriched on highly curved
tubular profiles that emerge from
the PtdIns3P-enriched endosome.
To achieve such targeting SNX1
employs a combination of binding
domains; its PX domain binds
PtdIns3P, whilst another domain,
a Bin/Amphiphysin/Rvs (BAR)
domain, binds to highly curved
membranes. By combining these
modules, SNX1 can correctly
localise to a sub-domain of the
endosome. Interestingly, the BAR
domain of SNX1 can do more than
just sense curvature; it can
actually impose curvature upon
membranes, deforming liposomes
into highly curved membrane
tubules, possibly assisting in the
generation of transport
intermediates.
How can BAR domains sense
membrane curvature? Well,
BAR domains form a banana-
shaped dimer that is positively
charged upon its concave face. In
vitro, this domain binds
preferentially to liposomes with
high intrinsic curvature,
suggestive of an ability to ‘sense’
curvature, and can even turn
these liposomes into lipid tubes,
an attribute thought to represent
an ability to deform membranes.
Do other SNXs contain BAR
domains? Yes — a sub-group of
nine proteins has recently been
described, the SNX-BAR proteins,
based upon the presence of
predicted BAR domains. However,
only SNX1 has so far been shown
to contain a functional BAR
domain. Defining the
characteristics of these other BAR
domains containing SNXs will be
of great interest.
Are all SNXs targeted to
endosomes? Surprisingly, no.
Whilst it is true that many are
associated with this organelle,
growing evidence suggests that
SNXs may control membrane
trafficking at other compartments.
For example, the PX domain of
SNX4 binds PtdIns3P and
PtdIns3,4P2, allowing SNX4 to
shuttle between endosomes and
the PtdIns3,4P2-enriched plasma
membrane. The PX domain of
SNX9 binds a range of
phosphoinositides present at the
plasma membrane. SNX9 itself
localises to the plasma membrane
and is required for clathrin-
mediated endocytosis. So, SNXs
can act at a range of membranes,
apparently dictated by the
phosphoinositide-binding
capability of their SNX-PX
domain.
Do SNXs have any other
function? SNXs have been
viewed as regulators of cargo
sorting; however, their domain
architecture suggests that some
may integrate into other cellular
processes. In yeast, Snx4p (also
known as Cvt13p) also regulates
cytoplasm-to-vacuole targeting,
and in mammalian cells SNX23 is
identical to a kinesin (KIF16b) that
has recently been shown to
regulate endosome motility upon
microtubules, so SNX functions
need not be restricted to cargo
sorting. Three mammalian SNXs
contain regulator of G-protein
signalling (RGS) domains; in the
case of SNX13, this domain allows
it to modulate Gαs-signalling.
Interestingly, SNX13’s interaction
with Gαs also allows it to enhance
degradative sorting of the EGFR,
suggesting that SNX13 functions
as a node between signalling and
sorting; an exciting concept for
purveyors of both fields! With the
finding that other SNXs contain
RGS domains, Ras-association
domains, SH3 domains or PDZ
domains, an intriguing hypothesis
is that these proteins may well
regulate, or be regulated by,
signalling cascades determined
by the activation state of the cell.
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The ParaHox gene cluster is an
evolutionary sister to the Hox
cluster, which is involved in
patterning the anterior–posterior
axis of animals. First discovered in
the cephalochordate amphioxus
(Branchiostoma floridae) [1], the
ParaHox gene cluster is thought to
have arisen by duplication of an
ancestral homeobox gene cluster
that produced the ParaHox and
Hox clusters, respectively [1,2].
While the Hox cluster is widely
conserved among animals,
ParaHox clusters are only known
from some chordates [1,3]. The
detailed organisation of these
clusters has not been examined.
The amphioxus ParaHox cluster
contains three homeobox genes,
AmphiGsx, AmphiXlox and
AmphiCdx. These genes are
expressed along the
anterior–posterior axis of
amphioxus in the central nervous
system and gut, in a fashion that is
colinear with their order along the
chromosome [1]. To gain a deeper
understanding of the ParaHox
cluster we have sequenced over
100 kb encompassing the
complete cluster of amphioxus.
Comparing this sequence to the
orthologous regions in the
genomes of mice and humans
reveals that these clusters are not
merely an association of three
genes, but exhibit a higher order
of conservation and maintain the
overall organisation, relative gene
size and spacing. Furthermore, we
show that the mammalian
ParaHox cluster is the single
remnant of four ancestral clusters.
Sequencing of the amphioxus
ParaHox cluster has confirmed
that it contains only three
homeobox genes. We have
deduced the complete coding
sequence for all of these genes
(see Supplemental Data published
